Introduction
============

Both percentages of predicted forced expiratory volume in 1 second (FEV~1~) and peak expiratory flow rate (PEFR) are widely used to estimate the degree of pulmonary impairment in patients with COPD.[@b1-copd-10-1213]--[@b3-copd-10-1213] In general, FEV~1~ measurements by spirometry are preferred as it is much more reproducible.[@b4-copd-10-1213] However, spirometry is not widely available, and the technical pitfalls of performing spirometry frequently limit usage, especially at a primary care level.[@b5-copd-10-1213] Using PEFR measurement is more economical and much more widely available, therefore it is proposed as an alternative to spirometry.[@b1-copd-10-1213]--[@b3-copd-10-1213]

Definition and severity assessments of COPD severity are now based on post-bronchodilator ratio FEV~1~ and forced vital capacity (FEV~1~/FVC) and % predicted FEV~1~ measurements, respectively.[@b6-copd-10-1213] Recent reports suggest that peak flow measurements may be an inexpensive way of screening[@b7-copd-10-1213] and initial identification of severe cases of COPD for subsequent confirmatory spirometry.[@b8-copd-10-1213]--[@b10-copd-10-1213] In general, the correlation coefficients between % predicted PEFR and % predicted FEV~1~ was moderate to good ranging from 0.5 to \>0.9;[@b11-copd-10-1213]--[@b13-copd-10-1213] however, the degree of agreement between the two estimates were unsatisfactory.[@b3-copd-10-1213],[@b14-copd-10-1213] The factors that precluded generalization of the results from these studies in COPD included: small numbers of patients,[@b3-copd-10-1213],[@b11-copd-10-1213],[@b12-copd-10-1213] recording multiple paired estimates on each subject and analyzing each pair as a separate variable,[@b3-copd-10-1213] and conducting in heterogeneous subjects (persistent cough subjects,[@b13-copd-10-1213] asthma[@b12-copd-10-1213] or mixed subjects with asthma and COPD).[@b3-copd-10-1213],[@b14-copd-10-1213] Since clinical decisions are often based on results of these two measurements, we intended to clarify the role of PEFR as a surrogate for FEV~1~ in COPD severity classification.

Materials and methods
=====================

Outpatients aged over 40 years diagnosed with COPD by Global initiative for chronic Obstructive Lung Disease (GOLD) criteria[@b6-copd-10-1213] were treated at the chest clinic, Chiang Mai University Hospital, Chiang Mai, Thailand from 1 April 2012 to 30 September 2012 and were screened for this study. Inclusion criteria were: smokers or ex-smokers with a smoking history of ≥10 pack-years, aged ≥40 years, and no exacerbations \>6 weeks prior to enrollment. Patients were excluded if they had a history or family history of asthma, onset of breathlessness at age \<40 years, and unable to perform spirometry or peak expiratory flow maneuver. Accurate measurements of both spirometry and PEFR in the same subject were administered by a qualified technician in the study team. Both FEV~1~ and PEFR were obtained from the same patients at a single visit using spirometer (Vmax series 22, Sensormedics, Bilthoven, Holland). All subjects were measured for post-bronchodilator FVC, FEV~1~, ratio of FEV~1~/FVC (FEV~1~%) using ATS/ERS standard guidelines[@b15-copd-10-1213] and PEFR by a Mini-Wright peak flow meter (Clement Clarke International Ltd., Essex, UK). Each patient performed the test in a standing position while holding the peak flow meter horizontally without interfering with the movement of the marker (arrow) or covering the slot. Patients were instructed to take a deep breath then exhale by forceful expiration as fast as possible while maintaining an air tight seal between lip and mouth piece of the instrument with standard techniques developed by the American Thoracic Society.[@b16-copd-10-1213] Technicians recorded readings only if the instrument was held in the proper horizontal position. Both % predicted FEV~1~ and % predicted PEFR were calculated using Thai equations,[@b17-copd-10-1213] and categories of airflow limitation severity were classified according to GOLD criteria.[@b6-copd-10-1213] The study protocol was approved by the Ethics Committee of the Faculty of Medicine, Chiang Mai University.

Statistical analysis
--------------------

Results for numerical values were expressed as mean ± standard deviation, and those for categorical data were expressed as absolute frequencies and percentages. Comparisons of the measurements between FEV~1~ and PEFR using paired Student's *t*-test. Pearson's correlation was used to examine the relationship between FEV~1~ and PEFR. COPD severity using FEV~1~ and PEFR were compared using Fisher's exact tests. Measurements of lung function were used to classify the severity of airflow limitation (according to GOLD criteria)[@b6-copd-10-1213] with 0−\<30%, 30−\<50%, 50−\<80%, and ≥80% for both predicted FEV~1~ and PEFR values representing very severe, severe, moderate, and mild severity, respectively. The agreement between severity category assignment using % predicted FEV~1~ and % predicted PEFR was calculated using Cohen's Kappa statistic calculations.[@b18-copd-10-1213] A Kappa value of greater than 0.60 was considered sufficient to ensure agreement.[@b19-copd-10-1213] Bland--Altman analysis was used to identify the limits of agreement between the two estimates.[@b20-copd-10-1213] Statistical significance was set at *P*-value \<0.05. All analyses were carried out using SPSS statistical package, version 16 for Windows; SPSS, Inc; Chicago, IL, USA.

Results
=======

The demographic characteristics of the 300 enrolled COPD patients are shown in [Table 1](#t1-copd-10-1213){ref-type="table"}. The subjects were elderly (mean age 70.4±9.4 years), predominantly male (65%), and the largest proportion was classified with moderate to severe stages of disease (GOLD II 38% and III 38.7%).

Correlations between the % predicted and absolute values for FEV~1~ and PEFR were strongly significant (*r*=0.76 and 0.87, respectively). However, the scatter was wide in patients with mild airflow limitation ([Figure 1](#f1-copd-10-1213){ref-type="fig"}).

For the entire study population, the differences between % predicted FEV~1~ and PEFR followed a normal distribution with approximately 40% of them having a discrepancy of ≥±10% ([Figure 2](#f2-copd-10-1213){ref-type="fig"}), and % predicted PEFR overestimated % predicted FEV~1~ by a mean of only 0.9% (95% confidence interval; --2.6, 0.7) ([Table 2](#t2-copd-10-1213){ref-type="table"}). However, limits of agreement were wide (+27.1% to −28.9%) ([Figure 3](#f3-copd-10-1213){ref-type="fig"}). Mean % predicted FEV~1~ and PEFR in each severity category of airflow limitation were assessed ([Table 2](#t2-copd-10-1213){ref-type="table"}). Assignment to mild and moderate groups were insignificant (*P*=0.068 and *P*=0.855, respectively). However, % predicted PEFR significantly overestimated % predicted FEV~1~ in severe and very severe groups (*P*=0.007 and *P*=0.006, respectively).

Severity categories of airflow limitation based on % predicted intervals are presented in [Table 3](#t3-copd-10-1213){ref-type="table"}. PEFR and FEV~1~ severity categories were concordant in only 59.7% of the study patients. In the mild group, PEFR underestimated the severity of airflow limitation in 45% of patients whereas it overestimated the severity of airflow limitation in 36.6% of the very severe group patients. In groups with moderate and severe airflow limitation, the percentages of over- and under-estimation by PEFR for each group are also demonstrated in the table. The Kappa statistic for agreement in this table was 0.41 (95% confidence interval, 0.34--0.48), suggesting only moderate agreement between the two measurements.

Discussion
==========

This study reveals a marked variability in agreement between the measurements of % predicted FEV~1~ and % predicted PEFR values in COPD patients. The results provide strong evidence that the two estimates are not equivalent in the assessment of severity of airflow limitation in COPD patients. The severity classification of airflow limitation between the two estimates was concordant in only 59.7% of patients evaluated, while % predicted FEV~1~ and % predicted PEFR values were apart more than 10% in 40% of patients. The strong correlation between the two estimates in this study was also observed in prior studies in limited subjects with asthma and COPD,[@b3-copd-10-1213] subjects with asthma,[@b12-copd-10-1213] or subjects with persistent cough.[@b13-copd-10-1213] Such a strong correlation meant that the two methods of measurements of airflow limitation in COPD patients were highly related. However, the high correlation of the two measurements is irrelevant to the question of agreement.[@b20-copd-10-1213] In our study, the Kappa statistic for agreement suggested only moderate agreement between the two measurements which was considered insufficient to ensure agreement.[@b19-copd-10-1213]

PEFR is measured on the first effort dependent portion of the forced expiratory maneuver and predominantly reflects large airway function. FEV~1~ is determined both by the effort dependent and independent portions of this maneuver and reflects both large and peripheral airway function.[@b21-copd-10-1213] Thus, different changes in FEV~1~ and PEFR may be observed, depending on the amount and predominant site of airway narrowing. In COPD patients, after the initial rapid rise in expiratory flow, intrathoracic pressure is increased. This increased intrathoracic pressure causes segmental and other large airways' collapse and obstructed passage of air through those airways which results in rapid reduction in flow after a relatively normal peak has been attained, leading to significantly lower values for FEV~1~ compared to PEFR. These issues could lead to a significant discordance if % predicted FEV~1~ is replaced by % predicted PEFR for the purpose of severity classification. The mean difference between % predicted FEV~1~ and % predicted PEFR in this study was only 0.9% but a discrepancy of ≥10% between % predicted FEV~1~ and % predicted PEFR occurred in 40% of the patients. However, some previous studies showed a much wider mean difference, with % predicted FEV~1~ being lower than % predicted PEFR by 9.1%--17.2% because they included patients with asthma and limited numbers of evaluated patients.[@b3-copd-10-1213],[@b12-copd-10-1213] The mean differences between % predicted PEFR and % predicted FEV~1~ in this study significantly increased from 0.3% in moderate to 4.3% in very severe airflow limitation. Therefore, % predicted PEFR tended to underestimate severity of airflow limitation as the severity of COPD increased. In addition, the limits of agreement were also wide and pointed toward an absence of parity between % predicted FEV~1~ and % predicted PEFR.

Our study found that in patients with severe airflow limitation (severe and very severe categories) % predicted PEFR underestimated % predicted FEV~1~, whereas the exact opposite happened in patients with less severe airflow limitation (mild to moderate categories). It is clear from these results that if GOLD guidelines are followed and % predicted PEFR is used as a surrogate for that of FEV~1~, then severity of obstruction would be wrongly categorized in a large proportion of patients and could result in inappropriate diagnosis, severity classification, and management. Because of strong correlations, % predicted PEFR should be used as a surrogate for % predicted FEV~1~. However, the limits of agreement were wide and resulted in a significant discordance in the severity categories of airflow limitation according to GOLD classification. These values render substitution of % predicted PEFR for % predicted FEV~1~ "ruling out" or "ruling in" severe airflow limitation.

PEFR may not be able to accurately identify GOLD stage, but previous studies indicated some usefulness of peak flow rate measurements for daily monitoring in patients with COPD,[@b22-copd-10-1213] COPD screening,[@b7-copd-10-1213] and initial identification of severe cases of COPD for subsequent confirmatory spirometry.[@b8-copd-10-1213]--[@b10-copd-10-1213] Another study states that peak expiratory flow was the most important predictive value for determining the risk of death in patients who required hospitalization for acute exacerbation of COPD.[@b23-copd-10-1213] A recent prospective study from the People's Republic of China shows that a lower value of height-adjusted peak flow measurement was associated with increased mortality from respiratory and other causes, including lung cancer and cardiovascular disease.[@b24-copd-10-1213] In addition, we did not look at changes in PEFR over time, therefore we cannot rule out that PEFR may be useful in monitoring disease progression. The strengths of our study are: first, only COPD patients were studied and to our knowledge we enrolled the largest number of COPD patients for studying the agreement between the two estimates. Second, the severity categories of airflow limitation according to GOLD criteria were applied for comparison of the two measurements. Third, the measurements of FEV~1~ and PEFR were highly accurate because the patients were measured within a single session to avoid diurnal and day-to-day variability. Taken together, the results can be interpreted with great confidence. The major limitation of our study is that it is strictly applicable to evaluating only COPD patients treated at the chest clinic and may not be generalized to other sets of COPD patients at other clinics.

Conclusion
==========

Although the correlation between FEV~1~ and PEFR measurements was strongly significant, the agreement between the two tests was unacceptable and may influence inappropriate clinical decision making in diagnosis, severity classification, and management of COPD.
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![Correlation between FEV~1~ and PEFR in patients with COPD.\
**Notes:** (**A**) Correlation between % predicted FEV~1~ and % predicted PEFR (*r*=0.76, *P*\<0.001); (**B**) correlation between absolute value of FEV~1~ and PEFR (*r*=0.87, *P*\<0.001).\
**Abbreviations:** FEV~1~, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.](copd-10-1213Fig1){#f1-copd-10-1213}

![Histogram showing the near-normal distribution of differences between % predicted FEV~1~ and PEFR in COPD patients.\
**Abbreviations:** FEV~1~, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.](copd-10-1213Fig2){#f2-copd-10-1213}

![Bland--Altman plot highlighting magnitude of difference between % predicted FEV~1~ and PEFR.\
**Note:** Horizontal dashed lines represent the mean bias and its 95% confidence limits. **Abbreviations:** FEV~1~, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.](copd-10-1213Fig3){#f3-copd-10-1213}

###### 

Baseline characteristics of all COPD patients

  Variables                                COPD (n=300)
  ---------------------------------------- --------------
  Age (years)                              70.4±9.4
  Male sex                                 195 (65.0)
  Height (cm)                              156.4±8.6
  BMI (kg/m^2^)                            20.4±3.9
  Post-bronchodilator spirometry           
   % predicted FEV~1~                      51.4±20.1
   Ratio of FEV~1~/FVC (%)                 50.4±10.4
  Severity stages by GOLD classification   
   I                                       30 (10.0)
   II                                      114 (38.0)
   III                                     116 (38.7)
   IV                                      40 (13.3)

**Note:** Data are presented in number (%), mean ± standard deviation.

**Abbreviations:** BMI, body mass index; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; GOLD, Global initiative for chronic Obstructive Lung Disease.

###### 

Comparison between % predicted FEV~1~ and % predicted PEFR in each category of airflow limitation

  Category of airflow limitation (%)   \% predicted FEV~1~   \% predicted PEFR   \% FEV~1~−% PEFR mean difference (95% CI)   *P*-value
  ------------------------------------ --------------------- ------------------- ------------------------------------------- -----------
  ≥80 (n=30)                           90.8±15.9             82.9±17.6           7.9 (−0.6, 16.4)                            0.068
  50--\<80 (n=114)                     61.9±8.3              62.2±17.3           −0.3 (−3.1, 2.6)                            0.855
  30--\<50 (n=116)                     39.9±5.5              42.7±11.9           −2.7 (−4.7, −0.8)                           **0.007**
  0--\<30 (n=40)                       25.0±4.3              29.3±9.5            −4.3 (−7.3, −1.3)                           **0.006**
  All categories (n=300)               51.4±20.1             52.3±21.1           −0.9 (−2.6, 0.7)                            0.076

**Notes:** Data are presented in mean ± standard deviation, confidence interval (CI). Bold text denotes statistical significance.

**Abbreviations:** FEV~1~, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.

###### 

Concordance between categorization of severity of airflow limitation based on % predicted FEV~1~ and % predicted PEFR in COPD patients

                      \% predicted FEV~1~                                                   
  ------------------- --------------------- --------------- --------------- --------------- ----
  \% predicted PEFR   0--\<30               **19 (63.4)**   20 (17.5)       --              --
  30--\<50            10 (33.3)             **67 (58.8)**   29 (25.0)       1 (2.5)         
  50--\<80            1 (3.3)               24 (21.1)       **71 (61.2)**   17 (42.5)       
  ≥80                 --                    3 (2.6)         16 (13.8)       **22 (55.0)**   

**Notes:** Data are presented in number (%). Bold text indicates concordance between categorization of severity of airflow limitation based on % predicted FEV~1~ and % predicted PEFR.

**Abbreviations:** FEV~1~, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.
